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1. A hybrid valve apparatus for use with an aspiration actuator and a 
dispensing actuator to transfer fluid from a reservoir to a test site on a substrate 
surface comprising: 

a valve assembly movable between an aspiration condition and a 
dispensing condition; and 

a manifold \device providing a fluid aspiration conduit having a first 
aspiration port in fluid communication with t he aspiration actuat or, and a 
second aspiration port in selective fluid communication with the valve 
assembly to selectively aspirate a liquid sample slug from the reservoir into a 



discrete sample pa 
said manifold device 



when the valve assembly is in the aspiration condition, 
further providing a fluid dispensing conduit having a first 
dispensing port in fluid communication with the dispensing actuator, and a 
second dispensing >ort in selective fluid communication with the valve 
assembly to selectively dispense at least one droplet of the liquid sample slug 
from the sample path when the valve assembly is in the dispensing condition, 

wherein, in the aspiration condition, said sample path is out of fluid 
communication with the dispensing actuator and, in the dispensing condition, 



20 said sample path is out of fluid communication with the aspiration actuator. 



2. The hybrid 

said manifold 
the sample path. 



3. 



val|e apparatus as defined by claim 1 , wherein 

includes a primary passage defining at least a portion of 



The hybrid valve apparatus as defined by claim 2, further including: 
a nozzle member having one end fluidly coupled to said primary passage 
and an opposite end terminating at a dispensing orifice configured to dispense 
said droplet. 
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4. The hybrid valvfe apparatus as defined by claim 3, wherein 

said primary passage is of a transverse cross-sectional area from about 
0.2 mm 2 to about 0.8 nin 2 . 

5. The hybrid valvo apparatus as defined by claim 1, wherein 

said manifold ievice includes a stator face containing the second 
aspiration port and the second dispensing port, and said valve assembly 
includes a valve body having a contact face slideably contacting the stator face 
at a stator-contact interface for sliding sealed contact between 

the aspimtion condition, fluidly coupling the second aspiration 
port to the sample path and 

the dispensing condition, fluidly coupling the second dispensing 

port to the sample path 



15 




The hybrid valve apparatus as defined by claim 5, wherein 



said contact fac 
an aspin 



20 



t of the valve body includes 

tion channel, fluidly coupling the second aspiration port 
to the sample path thiough the aspiration channel, in the aspiration condition, 
and 

a dispensing channel, fluidly coupling the second dispensing port 
to the sample path through the dispensing channel, in the dispensing condition. 



25 



7. The hybrid valjve 

said manifold 
portion of the saniple 
terminating at the s 
channel in the aspitation 
dispensing channel ir 
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apparatus as defined by claim 6, wherein 
device includes a primary passage defining at least a 
path, and having an upper communication port 
tator face for fluid communication with the aspiration 
condition, and for fluid communication with the 
the dispensing condition. 
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8. The hybrid valve apparatus as defined by claim 7, further including: 

a nozzle member having one end fluidly coupled to said primary passage 
and an opposite end terminating at a dispensing orifice configured to dispense 
said droplet. 

9. The hyb rid valve apparatus as defined by claim 6, wherein 
at least lone of said valve body and said manifold device is rotatable 

about a rotation axis extending substantially perpendicular to the stator-contact 
interface to ro ate said contact face, said aspiration channel and said dispensing 
channel relative to the stator face between the aspiration condition and the 
dispensing condition. 



10. The fluid transfer apparatus as defined by claim 9, wherein 

said dispensing channel and said aspiration channel extend in a direction 
substantially radially about said rotational axis. 



1 1 . The fluid transfer apparatus as defined by claim 5, wherein 
said manifold nevice includes 

a primary passage having an upper communication port 
terminating at the sftator face, and an opposite end in fluid communication with 
a nozzle mepatteyha^ng a dispensing orifice configured to dispense said 
droplet, anc 



terminati 
the reserv* 



g at 



t€e conduit having an upper communication opening 
le stator face, and an opposite end in fluid communication with 



12. The fluid transfer apparatus as defined by claim 11, wherein 

said contact face of the valve body includes a sample channel forming at 
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least a portion of the sample path, said sample channel fluidly coupling the 
second aspiration port of the aspiration conduit to the upper communication 
opening of the source conduit, in the aspiration condition, and fluidly coupling 
the second dispensing port of the dispensing conduit to the upper 
communication pory of the primary passage, in the dispensing condition. 



10 



13. The fluid tipnsfer apparatus as defined by claim 12, wherein 

said manifjbld device includes a flush passage having an upper flush port 
terminating at thp stator face, and an opposite end in fluid communication with 
a flush source, 

said corytact face of the valve body includes a flush channel fluidly 
coupling the fliish jborTof the flush passage to the upper communication port of 



the primary p 
and fluidly cc 



e, in the aspiration condition, to flush said nozzle member, 
upling the flush port to the upper communication opening of the 



15 source condui t, in the dispensing condition. 
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14. The fluid transfer apparatus as defined by claim 1, further including: 
a digitally regulated hydraulic pressure system in fluid communication 

with the dispensing actuator for precision operation thereof. 

15. A manifold dev/ce for use with a valve assembly, an as piration source 
and a dispensing source to transfer fluid from at least one of a plurality of fluid 
reservoirs to at least/ one test site on a substrate surface, said valve assembly 
including a rotc^f fcjfce jdefining a plurality of discrete communication channels 
each movable/ as /a tinit/ between an aspiration condition and a dispensing 
condition as tfee V^veassembly rotates relative its rotational axis, said manifold 
device comprMng: 

a manifold body defining a plurality of fluid aspiration conduits each 
having a first aspiration port in fluid communication with the aspiration source, 
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and a second aspiration port in selective fluid communication with a 
corresponding communication channel ©f the valve assembly to aspirate a 
respective liquid sample slug from a corresponding reservoir of sample fluid 
into discrete sample paths when they valve assembly is in the aspiration 
condition, said manifold body further /defining a plurality of fluid dispensing 
conduits each having a respective fixA dispensing port in fluid communication 
with the dispensing source, and a second dispensing port in selective fluid 
communication with a corresponding communication channel of the valve 
assembly to selectively dispense at least one droplet of the corresponding liquid 
sample slug from the corresponding sample path when the valve assembly is in 
the dispensing condition, 

wherein, in the aspiration condition, said respective sample paths are out 
of fluid communication with pe dispensing source and, in the dispensing 
condition, said respective sample paths are out of fluid communication with the 
aspiration source. 



16. The manifold device ds defined by claim 15, wherein 

said manifold body includes a stator face containing the second 
aspiration ports and the second dispensing ports, and formed for rotational 
20 sliding contact with the nkorface^at a rotor-stator interface for sliding sealed 
contact between 

the aspiration condijion, fluidly coupling the corresponding 
second aspiration por| tj> the corresponding sample path, and 

the dispensing condition, fluidly coupling the corresponding 
25 second dispensing porfte^he corresponding sample path. 



17. The manifold device as defined by claim 16, wherein 
said stator face is substantially planar. 
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18. The manifold device as defined by claim \i y wherein 

said manifold body includes a plurality of primary passages each having 
an upper communication port terminating at/the stator face such that said 
respective communication channel fluidly couples the corresponding primary 
5 passage to the aspiration source in the aspiration condition, and fluidly couples 
the respective primary passage to the dispensing source in the dispensing 
condition. 

19. The manifold device as defined by ilaim 18, further including: 
10 a plurality of removable nozzle /members mounted to said manifold 

body, and each having one end fluidlv coupled to a corresponding primary 
passage and an opposite end terminating at a dispensing orifice configured to 
dispense a respective droplet. 

15 20. The manifold device as definfed by claim 15,wherein 

said manifold body includes at least two plate members fixedly mounted 
together in a manner cooperatively defining at least one of said aspiration 
conduits and said dispensing conduits. 



20 21 . The manifold device as/defined by claim 20, wherein 

said at least two plated members includes a first plate member having a 
bottomside surface and a second plate member having an opposed topside 
surface fixedly joined therebetween at a first interface, at least one of said 
bottomside surface an^Md tb^side surface defining a plurality of first grooves 
25 which cooperate wim tfte other of the topside surface of the second plate 
member and the botfonpi^^wf^ce of the first plate member to define at least 
one of the aspiration\eafndiits or the dispensing conduits. 

22. The manifold c evice as defined by claim 21, wherein 
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each said second aspiration port and said second dispensing port 
terminates at a stator face of the first plate member which is oriented opposite 
the bottomside surface thereof, said stator face being configured for rotational 
sliding contact with the rotor face at a rotor-sftator interface. 

23. The manifold device as defined by alaim 22, wherein 

said manifold body includes a plurality of primary passages each having 
an upper communication port terminating at the stator face such that said 
respective sample channel fluidly couples the corresponding primary passage to 
the aspiration source in the aspiration condition, and fluidly couples the 
respective primary passage to the dispensing source in the dispensing condition. 

24. The manifold device as defined by claim 21, wherein 

said topside surface and saia bottomside surface are substantially planar. 



25. The manifold device as dfefined by claim 21, wherein, 

said second plate member includes a bottomside surface positioned 
opposite said topside surface thereof , and further including: 

a third plate membey having a topside fixedly joined to the bottomside 
surface of the second plat/ member at a second interface, at least one of said 
bottomside surface of tl^ secbn^ plate member and the topside surface of the 
third plate member de^nfng a plurality of second grooves which cooperate with 
the other of the topside/ surfacejrf^he third plate member and the bottomside 
surface of the second [plate mpmber to define at least the other of the aspiration 
conduits or the dispensing cq/iduits. 



26. The manifold/device as defined by claim 25, wherein 

each said second aspiration port and said second dispensing port 
terminates at a statpr face of the first plate member which is oriented opposite 
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the first interface surface, said stator face being configured for rotational sliding 
contact with the rotor face at a rotor-staior interface. 
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27. A fluid transfer apparatus for transferring fluid from a reservoir to a test 
site on a substrate surface comprising 
an aspiration source; 
a dispensing source; 

a manifold device providing a fluid aspiration conduit having a first 
aspiration port in fluid communication with the aspiration source, and a second 
10 aspiration port terminating at i stator face, said manifold device further 
providing a fluid dispensing conduit having a first dispensing port in fluid 
communication with the dispensing source, and a second dispensing port 
terminating at the stator face; afad 

a valve assembly cooperating with the stator face between: 
15 an aspiration condition, fluidly coupling the second aspiration 

port to a discrete sample parth to selectively aspirate a liquid sample slug from 
the reservoir into the sample path, while fluidly decoupling the second 
dispensing port from the ^sample path to prevent fluid communication with the 
dispensing source, and 
20 a dis^ns jng condition, fluidly coupling the dispensing port to the 

sample path to s61ectivfely dispensfe at least one droplet of the liquid sample slug 
therefrom, wh/le flui^W decojjpling the second aspiration port from the sample 
path to preveit fluicVcpmmunication with the aspiration source. 



25 28. The fluicftrfinsfer apparatus as defined by claim 27, wherein 

said manifold includes a primary passage defining at least a portion of 
the sample path/ and having a upper communication port terminating at the 
stator face. 
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29. The fluid transfer apparatus as defined by claim 28, further including: 

a nozzle member having one end fldidly coupled to said primary passage 
and an opposite end terminating at a dispensing orifice configured to dispense 
said droplet. 



10 



30. The fluid transfer apparatus as defined by claim 27, wherein 

said valve assembly includes / a valve body having a contact face 
slideably contacting the stator face /at a stator-contact interface for sliding 
sealed contact between 

the aspiration condition, fluidly coupling the second aspiration 
port to the sample path, and 

the dispensing condition, fluidly coupling the second dispensing 
port to the sample path. 



15 31. The fluid transfer apparatus as defined by claim 30, wherein 
said contact face of the yalve body includes 

an aspiration channel, fluidly coupling the second aspiration port 
to the sample path through /he aspiration channel, in the aspiration condition, 
and 

20 a dispensing/channel, fluidly coupling the second dispensing port 

to the sample path through theNlispensing channel, in the dispensing condition. 



32. The fluids transfer apparatus as defined by claim 31, wherein 



said m; 



rifold 



"includes a primary passage defining at least a 



25 portion of thi sannft^le path, and having an upper communication port 
terminating at the staior face. 



33. The fluid transfer apparatus as defined by claim 32, wherein 

said valve /body is rotatably mounted about a rotation axis extending 
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substantially perpendicular to the stator-contact interface to rotate said contact 
face, said aspiration channel and said dispensing channel relative to the stator 
face between the aspiration condition and the dispensing condition. 

5 34. The fluid transfer apparatus as defined by claim 33, wherein 

said dispensing channel and said aspiration channel extend in a direction 
substantially radially about said rotational axis. 

35. The fluid transfer apparatus as defined by claim 30, wherein 
10 said manifold device includes 

a primary passage having an upper communication port 
terminating at the stator face, and/an opposite end in fluid communication with 
a nozzle member having a dispensing orifice configured to dispense said 
droplet, and 

15 a source conduit having an upper communication opening 

terminating at the stator face, /and an opposite end in fluid communication with 
the reservoir. 



36. The fluid transfer ajfgaratus as defined by claim 35, wherein 
20 said contact ftyteof the val\te body includes a sample channel forming at 

least a portion of /the sample path,] said sample channel fluidly coupling the 
second aspiratiorf port /ofir>rtiea?pWation conduit to the upper communication 
opening of the sc urce £opduit, in tne aspiration condition, and fluidly coupling 
the second dispensing/ port of the dispensing conduit to the upper 
25 communication pfert 6f/the primary passage, in the dispensing condition. 



37. The fluid transfer apparatus as defined by claim 36, wherein 

said manifold device includes a flush passage having an upper flush port 
terminating at the stator face, and an opposite end in fluid communication with 
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a flush source, and 

said contact face of the valve body/ includes a flush channel fluidly 
coupling the flush port of the flush passage to the upper communication port of 
the primary passage, in the aspiration condition, to flush said nozzle member, 
and fluidly coupling the flush port to ther upper communication opening of the 
source conduit, in the dispensing condition. 



10 



38. The fluid transfer apparatus as defined by claim 30,wherein 

said manifold device includes at least two plate members fixedly 
mounted together in a manner cooperatively defining at least one of the 
aspiration conduit and said dispensing conduit. 
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39. The fluid transfer apparatus? as defined by claim 38,wherein 

said at least two plate mepibers includes a first plate member having a 
first interface surface and a second plate member having an opposed second 
interface surface fixedly join^ d therebetween at a first interface, said first 
interface surface jidfining a /firsK groove which cooperates with the second 
interface surfa<j6 of the second plate member to define at least one of the 
aspiration cor\fluit and the ^ispensiAg conduit. 



40 



The fluid trans 



aratus as defined by claim 39, wherein 
said dfcator fact /of the first plate member is oriented opposite the first 
interface surface, andvsaid stator face is configured for rotational sliding contact 
with the contactTace at a contact-stator interface. 

41 . The fluid transfer apparatus as defined by claim 40, wherein 
said stator face and said contact face are substantially planar. 

42. The fluid transfer apparatus as defined by claim 27 wherein 
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said dispensing source includes drop-on demand ink-jet printing valving. 



43. The fluid transfer apparatus as defined in 42, further including 

a digitally regulated/ hydraulic pressure system which supplies a 
computer-selectable fluid p essure head to the ink-jet printing valving to 
effectively alter the dispensir g range. 



44. The fluid transfer 

said ink-jet printing 
10 pulse width-independent to 



apparatus as defined in 42, wherein 

vilving is adapted to articulate the voltages that are 
enable improved dispensing precision. 



45. The fluid transfer app< ratus as defined by claim 42 wherein 

said ink-jet printing valving is one of a thermal ink-jet valve, a solenoid 
ink-jet valve, a piezoelectric i nk-jet valve, and a pneumatic pilot valve. 



46. The fluid transfer 

said aspiration source 



said syringe-type m< 



apparatus as defined by claim 27 wherein 
includes a syringe-type metering device. 



47. The fluid transfer app aratus as defined by claim 46 wherein 



ffilpdevice includes a multiple selector valve 



connecting a single syrin^e-ftype metering device to multiple fluid paths. 



25 



48. The fluid trans/er apparafu^as^defined by 27 wherein 



49. 



said aspiration 



source includes a diaphragm pump-type metering device. 



The fluid tran$ferf apparatus as defined by 27 wherein 

said aspiration sdfrrceincludes a peristaltic pump-type metering device. 



50. The fluid transfer apparatus as defined by claim 27, wherein 
30 said aspiration source includes a plurality of aspiration actuators, and 
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said dispensing source includes a plurality of dispensing actuators to 
transfer fluid from a plurality of fjuid reservoirs to a plurality of test sites on a 
substrate surface, and 

said manifold device including a plurality of fluid aspiration conduits 
5 each having a first aspiration port in fluid communication with a corresponding 
aspiration actuator, and a second aspiration port terminating at the stator face 
for selective fluid communication with the valve assembly to selectively 
aspirate a respective liquid sample slug from a corresponding reservoir of 
sample fluid into discrete sample paths when the valve assembly is in the 

10 aspiration condition, said manifold body further defining a plurality of fluid 
dispensing conduits each having a respective first dispensing port in fluid 
communication with a corresponding dispensing actuator, and a second 
dispensing port terminating at the stator face for selective fluid communication 
with the valve assembly /to selectively dispense at least one droplet of the 

15 corresponding liquid sample slug from the corresponding sample path when the 
valve assembly is in me dispensing condition wherein, in the aspiration 
condition, each respective sample path is out of fluid communication with the 
respective dispensing actuator and, in the dispensing condition, each respective 
sample path is out o|_jluid communication with the respective aspiration 

20 actuator. 



25 



51. Thefli 

said 
slideably coi 
sealed contact 



d transfer apparatus as defined by claim 50, wherein 

<embly includes a valve body having a contact face 
the stator face at a stator-contact interface for sliding 
n 



lve 



ictinf 



>et\ 



the aspiration condition, fluidly coupling each of the second 
aspiration ports to the corresponding sample path, and 

the dispensing condition, fluidly coupling each of the second 
dispensing ports tb the corresponding sample path. 
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52. The fluid transfer apparatus asMefined by claim 5 1 , wherein 
said contact face of the valve Dody includes 

a plurality of aspiration channels, each fluidly coupling the 
corresponding second aspiration port to the corresponding sample path through 
the corresponding aspiration channel, in the aspiration condition, and 

a plurality of dispensing channels, each fluidly coupling the 
corresponding second dispensing port to the corresponding sample path through 
the corresponding dispensing cha inel, in the dispensing condition. 

53. The fluid transfer apparatus as defined by claim 52, wherein 

said manifold device includes a plurality of primary passages each 
defining at least a portion of k respective sample path, each having a upper 
communication port terminating at the stator face such that a respective 
aspiration channel fluidly couples a respective primary passage to a respective 
aspiration actuator, in the aspiration condition, and a respective dispensing 
channel fluidly couples a respective primary passage to a respective dispensing 
actuator in the dispensing condition. 



20 54. The fluid transfer apparatuses defined by claim 53, wherein 

said manifold de^ice^cludes a first plate member having a first 
interface surface and a second /plate member having an opposed second 
interface surface WixedU joined therebetween at a first interface, said first 
interface surface defining a plurality of first grooves each of which cooperates 
25 with the second interrace surface of the second plate member to define at least 

aspiration conduits and the dispensing conduits. 



one of the plurality of 



1/ 



INVDP001/MLL 



-45- 



55. The fluid transfer apparatus as .defined by claim 53, wherein said 
manifold is comprised of one of glass, synthetics or stainless steel. 



56. The fluid transfer apparatus as defined by claim 51, wherein 
5 said manifold device includes / 

a plurality of primary passages each having an upper 
communication port terminating at the/stator face, and an opposite end in fluid 
communication with a respective no^le member having a dispensing orifice 
configured to dispense said droplet, and 
10 a plurality of souire conduits each having an upper 

communication opening terminating at the stator face, and an opposite end in 
fluid communication with the reservoir. 

57. The fluid transfer apparatus ks defined by claim 56, wherein 

15 said contact face of the valve body includes a plurality of sample 

channels each forming at least a portion of the corresponding sample path, each 
said sample channel fluidly coupling the corresponding second aspiration port 
of the aspiration conduit to the corresponding upper communication opening of 
the source conduit, in the aspiration condition, and fluidly coupling the 

20 corresponding second dispensing port of the dispensing conduit to the 
corresponding upper coimaeiumcaQbn port of the primary passage, in the 
dispensing condition. / / ' 

58. The fluid transfer appaAtus as defined by claim 57, wherein 

25 said manifold (dev/ce/ncludes a flush passage having an upper flush port 

terminating at the statorface, and an opposite end in fluid communication with 
a flush source, and / 

said contact face of the valve body includes a flush channel fluidly 
coupling the flush /port of the flush passage to the respective upper 
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communication ports/of the primary passages, in the aspiration condition, to 
flush said nozzle numbers, and fluidly coupling the flush port to the respective 
upper commujncttion openings of the source conduits, in the dispensing 
condition. 



59. A method of transferring liquid sample from a fluid reservoir to a test 
site on a target substrate comprising: 

providing a fluad manifold device defining a fluid aspiration conduit 
having a first aspiration port in fluid communication with an aspiration actuator 
and a second aspiration port in fluid communication with the valve assembly, 
said manifold device further defining a fluid dispensing conduit having a first 
dispensing port in fluid communication with the dispensing actuator and a 
second dispensing port in fluid communication with the valve assembly; 

positioning the \lalve assembly in an aspiration condition, fluidly 
coupling the aspiration I actuator to a discrete sample path, and fluidly 
decoupling the dispensinglactuator from the sample path; 

actuating the aspirattion actuator to aspirate a liquid sample slug from a 
sample reservoir into the sample path; and 

positioning the vaive assembly in a dispensing condition, fluidly 
coupling the dispensing actuator to the sample path, and fluidly decoupling the 



aspiration actuator from the 



same path. 



60. The method according to claim 59, wherein 



said manifold deviqe 
communication port termin 
further containing the seconc 



6 1 . The method according 
said positioning the 



includes a primary passage having a upper 
ting a stator face of the manifold, said stator face 
aspiration port and the second dispensing port. 



to claim 60, wherein 
valve assembly to the aspiration condition or the 
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dispensing condition includes slideably engaging a contact face of the valve 
assembly against the stator face of the manifold device at a stator-contact 
interface, to fluidly couple/ the aspiration actuator to the sample path or fluidly 
couple the dispensing actuator to the sample path, respectively. 



62. The method according to claim 61, wherein 

said slideably engaging includes rotating an aspiration channel and a 
dispensing channel in th* contact face of the valve assembly about a rotation 
axis thereof, relative the stator face, to 

fluidly couole the upper communication port with the second 
aspiration port, through tl e aspiration channel, in the aspiration condition, and 

fluidly couple the upper communication port with the second 
dispensing port, through the dispensing channel, in the dispensing condition. 
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